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Abstract
7KHHIIHFWVRIYDULRXVLQVHFWLFLGHVRQWKHIOXLGLW\RIPLWRFKRQGULDOPHPEUDQHVDQGFURVVUHVLVWDQFHZHUH
LQYHVWLJDWHGLQWKHGLDPRQGEDFNPRWK Plutella xylostella //HSLGRSWHUD3OXWHOOLGDHXVLQJVWUDLQV
WKDWZHUHERWKUHVLVWDQWDQGVXVFHSWLEOHWRDYHUPHFWLQ7KHUHVLVWDQWVWUDLQRI P. xylostella$95
GHYHORSHGIROGUHVLVWDQFHWRDYHUPHWLQVZLWKDKLJKOHYHORIFURVVUHVLVWDQFHWRWKHDQDORJVRI
DYHUPHFWLQVLYHUPHFWLQDQGHPDPHFWLQEHQ]RDWH,WKDGPRUHWKDQWLPHVJUHDWHUUHVLVWDQFHZKHQ
FRPSDUHGZLWKWKHDYHUPHFWLQVXVFHSWLEOHVWUDLQ;+60LWRFKRQGULDOPHPEUDQHIOXLGLW\ZDV
PHDVXUHGE\GHWHFWLQJIOXRUHVFHQFHSRODUL]DWLRQXVLQJ'3+'LSKHQ\OKH[DWULHQHDVWKH
IOXRUHVFHQFHSUREH$EDPHFWLQHPDPHFWLQEHQ]RDWHLYHUPHFWLQF\SHUPHWKULQDQGIHQYDOHUDWH
GHFUHDVHGWKHIOXLGLW\RIPLWRFKRQGULDOPHPEUDQHVLQWKH;+6VWUDLQDW&+RZHYHUILSURQLODQG
DFHSKDWHGLGQRWFKDQJHWKHIOXLGLW\RIPLWRFKRQGULDOPHPEUDQHZKHQWKHFRQFHQWUDWLRQRIWKHVH
LQVHFWLFLGHVZDVéï PRO/0HPEUDQHIOXLGLW\LQFUHDVHGDVWKHWHPSHUDWXUHLQFUHDVHG7KH
WKHUPRWURSLFHIIHFWRQWKHSRODUL]DWLRQYDOXHRI'3+LQFUHDVHGDVWKHLQVHFWLFLGHFRQFHQWUDWLRQZDV
LQFUHDVHG7KHUHZDVDVLJQLILFDQWGLIIHUHQFHRIPLWRFKRQGULDOPHPEUDQHIOXLGLW\EHWZHHQERWK;+6
DQG$95ZKHQWHPSHUDWXUHZDVOHVVWKDQ&DQGQRGLIIHUHQFHZDVREVHUYHGZKHQWKHWHPSHUDWXUH
ZDVPRUHWKDQ&7KHORZGRVHDEDPHFWLQPJ/ in vivo WUHDWPHQWFDXVHGDVLJQLILFDQWFKDQJH
RIPHPEUDQHIOXLGLW\LQWKH;+6VWUDLQDQGQRFKDQJHLQWKH$95VWUDLQ+RZHYHUDKLJKGRVH
DEDPHFWLQPJ/UHVXOWHGLQPRUWDOLW\RIWKH;+6VWUDLQ In vivo WUHDWPHQWPD\FDXVHD
VLJQLILFDQWFKDQJHRIPHPEUDQHIOXLGLW\LQWKH$95VWUDLQ
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7KH GLDPRQGEDFN PRWK Plutella xylostella /
/HSLGRSWHUD 3OXWHOOLGDH LV WKH PRVW GHVWUXFWLYH
FRVPRSROLWDQ SHVW RI FUXFLIHURXV FURSV 7DOHNDU
DQG 6KHOWRQ  ,W LV RQH RI WKH  PRVW
LQVHFWLFLGHV UHVLVWDQW LQVHFW VSHFLHV UHSRUWHG
0RWD6DQFKH] HW DO  0DQ\ SHVW LQVHFWV
SRVVHVV D FRQVLGHUDEOH SRWHQWLDO IRU GHYHORSLQJ
UHVLVWDQFH WR PDQ\ GLIIHUHQW LQVHFWLFLGHV
LQFOXGLQJ V\QWKHWLF RUJDQLF LQVHFWLFLGHV Bacillus
thuringensis B.t 7DEDVKQLN HW DO  6KHOWRQ
HW DO  DQG DEDPHFWLQ :ULJKW HW DO 
,TEDO HW DO  7KH DYHUPHFWLQV DUH D IDPLO\ RI
PDFURF\FOLF ODFWRQHV LVRODWHG DV QDWXUDO
IHUPHQWDWLRQ SURGXFWV IURP Streptomyces
avermitilis .LP DQG *RRGIHOORZ  &KDEDOD
HW DO  $EDPHFWLQ LYHUPHFWLQ DQG
HPDPHFWLQ EHQ]RDWH DOO DUH VHPLV\QWKHWLF
DYHUPHFWLQ DQDORJV ZLWK XQSUHFHGHQWHG HIILFLHQF\
DQG EUHDGWK RI HIIHFWV DJDLQVW YHWHULQDU\ SDUDVLWHV
DQG SODQW SHVWV 6LQFH WKH LQWURGXFWLRQ RI DQDORJV
LQ  WKH\ KDYH KDG D PDMRU LPSDFW RQ FURS
SURWHFWLRQ &DPEHOO  :LWK WKH ZLGH DQG
H[WHQVLYH XVH RI DYHUPHFWLQV IRU SHVW FRQWURO KLJK
UHVLVWDQFH WR WKLV GUXJ KDV GHYHORSHG LQ YHWHULQDU\
SDUDVLWHV DQG SHVWV &ODUN HW DO  6D\\HG HW DO
 ,W LV FULWLFDO WR XQGHUVWDQG WKH UHVLVWDQFH
PHFKDQLVPLQRUGHUWRPDQDJHUHVLVWDQFHSHVW
7KH PDLQ WDUJHWV RI DYHUPHFWLQ DUH
JOXWDPDWHJDWHG FKORULGH FKDQQHOV /XGPHUHU HW
DO  6PLWK HW DO  7KHVH LRQ FKDQQHOV
DUH UHVSRQVLEOH IRU IDFLOLWDWLQJ VHOHFWLYH XSWDNH RU
UHOHDVH RI LRQV IURP WKH FHOO 7KH\ DUH LQWHJUDO
PHPEUDQH SURWHLQV WKDW DOORZ IRU IDVW
WUDQVPHPEUDQH SDVVLYH GLIIXVLRQ IORZ RI VHOHFWHG
LQRUJDQLF LRQV YLD D K\GURSKLOLF SRUH DW DURXQG
 LRQVFKDQQHOV $QD HW DO  7KH
*$%$ ƢDPLQREXW\ULF DFLG UHFHSWRU LV WKH PDLQ
WDUJHW IRU VHYHUDO NLQGV RI SHVWLFLGHV LQFOXGLQJ
GLHOGULQ ILSURQLO DQG DYHUPHFWLQV 7KHVH
SHVWLFLGHV VKRZ LQKLELWRU\ DFWLRQV RQ LRQ FKDQQHOV
DQG DUH KLJKO\ K\GURSKRELF FRPSRXQGV DQG
SUREDEO\ SDUWLWLRQ LQWR WKH K\GURSKRELF
HQYLURQPHQW RI OLSLGV DQG PD\ DOVR ELQG WR WKH
K\GURSKRELFGRPDLQVRIPHPEUDQHSURWHLQV
,QVHFWLFLGHV DFWLQJ RQ LRQ FKDQQHO KDYH EHHQ
VKRZQ WR SDUWLWLRQ LQWR PHPEUDQHV DQG FDXVH
FKDQJHV LQ PHPEUDQH IOXLGLW\ -RH DQG /HH 
$QWXQHV0DGHLUD HW DO D %ODVLDN 
$QWXQHV0DGHLUD HW DO  5RVLWD HW DO 
&LQ]LD HW DO  $YHUPHFWLQV DUH KLJKO\
K\GURSKRELF FRPSRXQGV VXJJHVWLQJ WKDW WKHLU
DFWLRQ LQ ELRORJLFDO PHPEUDQHV PLJKW EH UHODWHG
WR DVVRFLDWLRQ ZLWK LQWHJUDO SURWHLQV DQG ZLWK
SKRVSKROLSLGV 0LFKHODQJHOL HW DO 
([WHQVLYH VWXGLHV RQ WKH LQWHUDFWLRQ RI
LQVHFWLFLGHV ZLWK PHPEUDQHV KDYH EHHQ FDUULHG
RXW IRU ''7 -RH DQG /HH  $QWXQHV0DGHLUD
HW DO D E DQG SDUDWKLRQ %ODVLDN 
$QWXQHV0DGHLUD HW DO  7KH HIIHFWV RI
S\UHWKURLGV RQ PHPEUDQH IOXLGLW\ KDYH EHHQ DOVR
VWXGLHG 5RVLWD HW DO  &LQ]LD HW DO 
3\UHWKURLGV VHHP WR VWDELOL]H JDWLQJ SDUWLFOHV RI
WKH VRGLXP FKDQQHO 6DOJDGR DQG 1DUDKDVKL
 UHVXOWLQJ LQ VORZ FORVLQJ RI WKH VRGLXP LRQ
JDWHV &KLQQ DQG 1DUDKDVKL  DQG VKLIWLQJ
WKH YROWDJH GHSHQGHQFH RI WKH JDWHV LQ WKH
K\SHUSRODUL]LQJ GLUHFWLRQ 7DWHED\DVKL HW DO 
7DEDUHDQ DQG 1DUDKDVKL  0DQ\ VWXGLHV
VKRZHG WKDW DEDPHFWLQ DQG LWV DQDORJV DFWHG RQ
WKH FRPSOH[ RI *$%$FKORULGH LRQ FKDQQHOV
/XGPHUHU HW DO  6PLWK HW DO 
+RZHYHU WKHLU HIIHFWV RQ PHPEUDQH IOXLGLW\ DUH
QRW FOHDU ,Q WKLV SDSHU ZH DQDO\]HG WKH HIIHFWV RI
DYHUPHFWLQV RQ WKH WKHUPRWURSLF SURSHUWLHV DQG
IOXLGLW\ RI PLWRFKRQGULDO PHPEUDQHV IURP
VXVFHSWLEOH DQG UHVLVWDQW VWUDLQV RI P. xylostella.
7KHVH UHVXOWV ZHUH YHU\ XVHIXO WR XQGHUVWDQG WKH
PHFKDQLVP RI DYHUPHFWLQ DFWLRQ DQG LWV
UHODWLRQVKLSWRLQVHFWLFLGHUHVLVWDQFH
Materials and Methods
Insects
$Q DEDPHFWLQ VHQVLWLYH P. xylostella, SRSXODWLRQ
;+6 ZDV UHDUHG FRQWLQXRXVO\ LQ WKH ODERUDWRU\
ZLWKRXW H[SRVXUH WR LQVHFWLFLGHV 5HDULQJ
FRQGLWLRQV ZHUH & ± UHODWLYH
KXPLGLW\ DQG SKRWRSHULRG RI  /' 7KH
UHVLVWDQW VWUDLQ $95 ZDV UHDUHG XQGHU WKH VDPH
FRQGLWLRQV EXW WKH UG LQVWDU ODUYDH RI HYHU\
JHQHUDWLRQZDVVHOHFWHGZLWKDEDPHFWLQ
Chemicals
$EDPHFWLQ  SXULW\ LYHUPHFWLQ
SXULW\ HPDPHFWLQ EHQ]RDWH  SXULW\ ZHUH
REWDLQHG IURP +LVXQ &KHPLFDO &R
ZZZKLVXQFKHPFRP (QGRVXOIDQ  SXULW\
DQG DFHSKDWH  SXULW\ ZHUH IURP 'DQ\DQJ
$JURFKHPLFDOV &R ZZZGDQ\DQJFKHPFRP DQG
GRQDWHG E\ %HLMLQJ -LQJQRQJ &R &\SHUPHWKULQ
 SXULW\ )HQYDOHUDWH  SXULW\ ZHUH
REWDLQHG IURP -LDQJVX <DQJQRQJ &KHPLFDO *URXS
&R ZZZ\DQJQRQJFRPFQ &RRPDVVLH EULOOLDQW
EOXH * ZDV SXUFKDVHG IURP 6LJPD
ZZZVLJPDDOGULFKFRP '3+ 'LSKHQ\O
KH[DWULHQH  SXULW\ ZDV SXUFKDVHG
IURP)OXFDZZZVLJPDDOGULFKFRP
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9RO_$UWLFOH Leaf dip bioassays
7R[LFLW\ RI LQVHFWLFLGHV ZDV PHDVXUHG XVLQJ D
OHDIGLS ELRDVVD\ PHWKRG VLPLODU WR WKDW GHVFULEHG
E\ 6KHOWRQ et al  &DEEDJH OHDYHV ZHUH ILUVW
ZDVKHG WKRURXJKO\ ZLWK GLVWLOOHG ZDWHU FRQWDLQLQJ
 J/ 7ULWRQ ; DQG GULHG /HDI GLVFV RI
GLDPHWHU  FP ZHUH FXW DQG GLSSHG LQ GLVSHUVLRQV
RI GLIIHUHQW FRQFHQWUDWLRQV RI WKH LQVHFWLFLGH
±PJ/ (DFK GLVF ZDV GLSSHG IRU  V
DQG DOORZHG WR DLUGU\ IRU D SHULRG RI  K 7KH
GLVFV ZHUH WKHQ SODFHG LQGLYLGXDOO\ LQWR SODVWLF
3HWUL GLVKHV GLDPHWHU  FP 7HQ WR ILIWHHQ
WKLUGLQVWDU P. xylostella ODUYDH ZHUH SODFHG LQ
HDFK GLVK DQG WKUHH UHSOLFDWLRQV ZHUH SUHSDUHG
UHVXOWLQJ LQ D WRWDO RI ± ODUYDH SHU WUHDWPHQW
6HYHQ WR WZHOYH WUHDWPHQWV DQG RQH FRQWURO ZLWK
GLVWLOOHG ZDWHU FRQWDLQLQJ  J/ 7ULWRQ ; ZHUH
WHVWHG LQ HDFK ELRDVVD\ /DUYDH ZHUH DOORZHG WR
IHHG IRU  K DW & DW DERXW ± 5+ EHIRUH
PRUWDOLW\ ZDV UHFRUGHG &RQWURO PRUWDOLW\ IRU DOO
OHDIGLSELRDVVD\VZDV
Preparation of mitochondria membrane
0LWRFKRQGULDO PHPEUDQHV RI P. xylostella ODUYDH
ZHUH LVRODWHG E\ GLIIHUHQWLDO FHQWULIXJDWLRQ
DFFRUGLQJ WR 9RVV HW DO  XVLQJ D VXFURVH
H[WUDFWLRQ PHGLXP FRQVLVWLQJ RI  P0 7ULV+&O
 P0 ('7$  P0 VXFURVH 1D&O J 
%6$ J  S+ 7KH P. xylostella ODUYDH ZHUH
IUR]HQ DW ï& LQ DQ XOWUD ORZ WHPSHUDWXUH
IUHH]HU DQG D JURXS RI IRXUWKLQVWDU ODUYDH ERG\
ZHLJKW ±J ZDV KRPRJHQL]HG LQ  PO RI
LFHFKLOOHG VXFURVH H[WUDFWLQJ VROXWLRQ ZLWK D
KDQGRSHUDWHG WLVVXH JULQGHU 7HIORQ SHVWOH 7KH
KRPRJHQDWH ZDV FHQWULIXJHG J IRU PLQ
DQG VXSHUQDWDQW DW J IRU PLQ DW &
XVLQJ DQ (SSHQGRUI FHQWULIXJH 5
ZZZHSSHQGRUIFRP 7KH VHGLPHQW ZDV
VXVSHQGHG LQ PO LFHFKLOOHG VXFURVH H[WUDFWLQJ
VROXWLRQ DQG WKHQ FHQWULIXJHG J IRU  PLQ
DQG ILQDOO\ VXVSHQGHG LQ  PO LFHFKLOOHG VXFURVH
H[WUDFWLQJ VROXWLRQ DQG NHSW LQ D UHIULJHUDWRU
ï& 0LWRFKRQGULDO SURWHLQ ZDV GHWHUPLQHG
E\ WKH PHWKRG RI %UDGIRUG XVLQJ ERYLQH DOEXPLQ
DV D VWDQGDUG %UDGIRUG  7KH SURWHLQ
FRQFHQWUDWLRQ RI PLWRFKRQGULD LQ WKH ILQDO VXFURVH
H[WUDFWLQJVROXWLRQZDVDERXWPJSURWHLQPO
Preparation of DPH and pesticide
incorporation into P. xylostella,
mitochondrial membrane
7KH DSSOLHG FRQFHQWUDWLRQ RI '3+ ZDV EDVHG RQ
SUHYLRXV UHSRUWV 2K\DVKLNL HW DO  7DQLL HW
DO  DQG WKH '3+ VWRFN VROXWLRQ  P0 ZDV
SUHSDUHG LQ WHWUDK\GURIXUDQ DQG ZDV GLOXWHG
IROG E\ LQMHFWLRQ LQWR D YLJRURXVO\ VWLUUHG
VROXWLRQ RI 3%6  P0 EXIIHU S+  
PRO/ 1D&O DQG VWLUUHG IRU  K EHIRUH XVH
%ULHIO\ WKH GLOXWHG PLWRFKRQGULDO PHPEUDQHV
ZHUH PL[HG ZLWK WKH IOXRUHVFHQW SUREH '3+ 
PJ SURWHLQPO  ƫ0 '3+ 7KH PL[WXUH ZDV
LQFXEDWHG DW & IRU  PLQ $IWHU WKLV SHULRG RI
LQFXEDWLRQ SHVWLFLGHV ZHUH DGGHG IURP
FRQFHQWUDWHG HWKDQROLF VROXWLRQV 7KH SHULRG RI
HTXLOLEUDWLRQ ZLWK SHVWLFLGHV YDULHG IURP  WR  K
DFFRUGLQJ WR WKH FRQFHQWUDWLRQ XVHG &RQWURO
VDPSOHV UHFHLYHG DQ HTXDO DPRXQW RI
WHWUDK\GURIXUDQ DQG HWKDQRO ,W VKRXOG EH VWUHVVHG
WKDW FRQFHQWUDWLRQV RI SHVWLFLGH XVHG DUH ZLWKLQ
LWV VROXELOLW\ UDQJH XQGHU WKH H[SHULPHQWDO
FRQGLWLRQV
Fluorescence Polarization Studies
6WHDG\VWDWH IOXRUHVFHQFH SRODUL]DWLRQ
PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D /6
/XPLQHVFHQFH VSHFWURSKRWRPHWHU 3HUNLQ(OPHU
ZZZSHUNLQHOPHUFRP ZKLFK LV HTXLSSHG ZLWK
WZR SKRWRPXOWLSOLHUV WR GHWHFW VHSDUDWHO\ HDFK
SRODUL]HG FRPSRQHQW RI WKH IOXRUHVFHQW OLJKW 7KH
WHPSHUDWXUH LQ WKH FXYHWWHV ZDV FRQWUROOHG ZLWK D
WKHUPRVWDWHG FLUFXODWLQJZDWHU SXPS
6WHDG\VWDWH IOXRUHVFHQFH DQLVRWURS\U DQG
SRODUL]DWLRQ 3 ZHUH REWDLQHG XVLQJ WKH
H[FLWDWLRQ DQG HPLVVLRQ ZDYHOHQJWK DW  QP
DQG DW  QP UHVSHFWLYHO\ DQG H[FLWDWLRQ DQG
HPLVVLRQ VOLWV ZLWK D QRPLQDO EDQGSDVV RI  QP
ZHUH XVHG IRU DOO PHDVXUHPHQWV 7KH PL[WXUH RI
'3+ DQG 3%6 VROXWLRQ ZLWKRXW DGGHG P.
xylostella, PLWRFKRQGULDO PHPEUDQHV ZDV XVHG DV
D FRQWURO 3RODUL]DWLRQ LV LQYHUVHO\ SURSRUWLRQDO WR
IOXLGLW\ UHODWLYH IOXLGLW\ ZDV H[SUHVVHG DV 3 7KH
GHJUHH RI IOXRUHVFHQFH SRODUL]DWLRQ 3 DQG
IOXRUHVFHQFH DQLVRWURS\ U ZDV FDOFXODWHG
DFFRUGLQJ WR 6KLQLW]N\ DQG %DUHQKRO]  IURP
WKHIROORZHGHTXDWLRQ
:KHUH * LV DQ LQVWUXPHQWDO FRUUHFWLRQ IDFWRU DQG
,_ DQG ,__ DUH UHVSHFWLYHO\ WKH LQWHQVLWLHV
PHDVXUHG ZLWK WKH SRODUL]DWLRQ SODQH SDUDOOHO DQG
SHUSHQGLFXODUWRWKDWRIWKHH[FLWLQJEHDP
Statistical analysis
7R HVWLPDWH SDUDPHWHUV RI GRVH±PRUWDOLW\
UHJUHVVLRQ OLQHV IRU HDFK OHDIGLS ELRDVVD\ GDWD
IURP WKH WKUHH UHSOLFDWHV ZHUH SRROHG DQG
DQDO\]HG ZLWK SURELW PRGHOV XVLQJ WKH 32/2
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
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9RO_$UWLFOH Table 1&URVVUHVLVWDQFHRIDYHUPHFWLQUHVLVWDQWVWUDLQRI Plutella xylostella WRDQDORJVRIDYHUPHFWLQV
Insecticide Strain Slope±S.E. LC50 (mg•L-1) (95%CL) RR
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 DYHUPHFWLQUHVLVWDQWVWUDLQRIGLDPRQGEDFNPRWK
SURJUDP 5XVVHOO HW DO  7ZR /& YDOXHV
ZHUH FRQVLGHUHG WR EH VLJQLILFDQWO\ GLIIHUHQW P<
LIWKHLUILGXFLDOOLPLWVGLGQRWRYHUODS
2WKHU H[SHULPHQWDO GDWD DUH H[SUHVVHG DV PHDQ
YDOXHV  6( RI H[SHULPHQWV SHUIRUPHG LQ
WULSOLFDWH 6WDWLVWLFDO DQDO\VLV ZDV FDUULHG RXW
XVLQJ WKH RQHZD\ DQDO\VLV RI YDULDQFH IROORZHG E\
WKH 1HZPDQ.HXOV WHVW $ YDOXH RI 3  ZDV
FRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQW
Results
Cross-resistance
7KH VWUDLQ RI P. xylostella VHOHFWHG E\ H[SRVXUH WR
DYHUPHFWLQ GHYHORSHG IROG UHVLVWDQFH WR
DYHUPHWLQ ZLWK D KLJK OHYHO RI FURVVUHVLVWDQFH !
 WLPHV WR WKH DQDORJV RI DYHUPHFWLQ
LYHUPHFWLQDQGHPDPHFWLQEHQ]RDWH7DEOH
Effects of insecticides on fluidity of
mitochondria membrane in XH-S P.
xylostella,
'3+ LV TXLWH D FRPPRQ DQG YHU\ ZHOO NQRZQ
SUREH IRU PRQLWRULQJ WKH IOXLGLW\ RI QDWLYH
PHPEUDQHV -RQH DQG /HH 
$QWXQHV0DGHLUD HW DO D E F
%ODVLDN  7KH DEVRUSWLRQ DQG HPLVVLRQ
VSHFWUD RI '3+ RI PLWRFKRQGULDO PHPEUDQHV
IURP P. xylostella ODUYDH ZHUH PHDVXUHG 7KH
DEVRUSWLRQ VSHFWUXP ZDV FHQWHUHG DW
DSSUR[LPDWHO\  QP DQG WKH HPLVVLRQ
VSHFWUXP ZDV FHQWHUHG DW  QP %RWK
DEVRUSWLRQ DQG HPLVVLRQ VSHFWUD DUH W\SLFDO RI
WKRVH UHSRUWHG IRU '3+ LQ RWKHU PHPEUDQH
V\VWHPV6KLQLW]N\DQG%DUHQKRO] 
7KH HIIHFW RI GLIIHUHQW LQVHFWLFLGHV RQ WKH IOXLGLW\
RI PLWRFKRQGULDO PHPEUDQHV IURP ODUYDH RI WKH
;+6 VWUDLQ DW & ZDV GHWHFWHG E\ IOXRUHVFHQFH
SRODUL]DWLRQ 7DEOH  7KH UHVXOW VKRZHG WKDW
DEDPHFWLQ HPDPHFWLQ EHQ]RDWH LYHUPHFWLQ
F\SHUPHWKULQ DQG IHQYDOHUDWH FDQ VLJQLILFDQWO\
LQFUHDVHG WKH IOXRUHVFHQFH SRODUL]DWLRQ RI '3+ LQ
JHO SKDVH LQGLFDWLQJ WKDW WKHVH LQVHFWLFLGHV PD\
GHFUHDVH PHPEUDQH IOXLGLW\ 1R VLJQLILFDQW
FKDQJHV LQ WKH IOXRUHVFHQFH SRODUL]DWLRQ RI '3+
ZHUH IRXQG ZKHQ PLWRFKRQGULDO PHPEUDQHD ZHUH
LQFXEDWHG ZLWK ILSURQLO DQG DFHSKDWH LQGLFDWLQJ
WKDW WKHVH LQVHFWLFLGHV FRXOG QRW FKDQJH
PHPEUDQH IOXLGLW\ ZKHQ WKH FRQFHQWUDWLRQ RI
WKHVH LQVHFWLFLGHV ZDV éï PRO/ +RZHYHU
HQGRVXOIDQ LPSURYHG PHPEUDQH IOXLGLW\ ZKLFK
ZDV FRQVLVWHQW ZLWK WKH SUHYLRXV VWXGLHV 0DUWLQV
et al
Table 2(IIHFWVRILQVHFWLFLGHVRQIOXLGLW\RIPLWRFKRQGULD
PHPEUDQHLQWKH;+6VWUDLQRI Plutella xylostella
Insecticides Polarization
&RQWURO E
$EDPHFWLQ FG
(PDPHFWLQEHQ]RDWH FG
,YHUPHFWLQ G
(QGRVXOIDQ D
&\SHUPHWKULQ F
)HQYDOHUDWH F
)LSURQLO E
$FHSKDWH E
9DOXHVIROORZHGE\GLIIHUHQWOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQW
DWWKHOHYHORISUREDELOLW\'XQFDQ¶VPXOWLSOHUDQJHWHVW
$OOWHVWVZHUHFDUULHGRXWDW&DQGWKHLQVHFWLFLGH
FRQFHQWUDWLRQZDVéï PRO/
7KH SRODUL]DWLRQ YDOXH RI '3+ LQ PLWRFKRQGULDO
PHPEUDQHV GHFUHDVHG ZLWK WKH LQFUHDVH RI
WHPSHUDWXUH UHJDUGOHVV RI WKH WUHDWPHQW ZLWK RU
ZLWKRXW LQVHFWLFLGHV )LJXUH  7KH UHVSRQVH WR
DEDPHFWLQ VKRZHG D VLJQLILFDQW GRVHGHSHQGHQW
LQFUHDVH RI IOXRUHVFHQFH SRODUL]DWLRQ YDOXHV LQ WKH
JHO SKDVH WKDW ZDV FRQVLVWHQW ZLWK WKH
WKHUPRWURSLF WUDQVLWLRQ SKDVH )LJXUH 
LQGLFDWLQJ WKDW D FRQGHQVLQJ HIIHFW RI WKH
PHPEUDQH LV DVVRFLDWHG ZLWK WKH SHUWXUEDWLRQ
LQGXFHG E\ DEDPHFWLQ 7KH VDPH WHQGHQF\ ZDV
REVHUYHG LQ LQGXFWLRQ RI IOXRUHVFHQFH SRODUL]DWLRQ
YDOXHV ZLWK HPDPHFWLQ EHQ]RDWH )LJXUH %
LYHUPHFWLQ )LJXUH & F\SHUPHWKULQ )LJXUH (
DQG IHQYDOHUDWH )LJXUH ) LQ PLWRFKRQGULDO
PHPEUDQHV IURP P. xylostella +RZHYHU
HQGRVXOIDQ LQGXFHG D GHFUHDVH LQ IOXRUHVFHQFH
SRODUL]DWLRQ YDOXHV RI PLWRFKRQGULDO PHPEUDQHV
)LJXUH'
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 17KHUPRWURSLFHIIHFWVRIYDULRXVLQVHFWLFLGHVRQPHPEUDQHIOXLGLW\E\IOXRUHVFHQFHSRODUL]DWLRQLQ;+6
RI P. xylostella ODUYDH7KHFDSLWDOOHWWHUVLQWKHWRSRIHYHU\ILJXUHUHSUHVHQWGLIIHUHQWLQVHFWLFLGHV$DEDPHFWLQ%
HPDPHFWLQEHQ]RDWH&LYHUPHFWLQ'HQGRVXOIDQ(F\SHUPHWKULQ)IHQYDOHUDWH6\PEROVLQGLFDWHGLIIHUHQW
FRQFHQWUDWLRQVWRLQFXEDWHZLWKPHPEUDQH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 27KHUPRWURSLFFKDQJHVRIIOXRUHVFHQFH
SRODUL]DWLRQLQPLWRFKRQGULDOPHPEUDQHVIURP$95
DQG;+6 P. xylostella ODUYDH
LQGLFDWHVVLJQLILFDQW
GLIIHUHQFHVEHWZHHQGDWDIURP$95DQG;+6
S
Figure 3)OXRUHVFHQFHSRODUL]DWLRQRIPLWRFKRQGULDO
PHPEUDQHVIURPERWKXQWUHDWHGZKLWHEDUVDQG
WUHDWHGODUYDHRI P. xylostellaVVROLGEDUV7KH
FRQFHQWUDWLRQPJ/ZDVWKHGRVHWRNLOO
LQGLYLGXDOVRI;+6VWUDLQEXWQROHWKDOWR$95VWUDLQ
7KHFRQFHQWUDWLRQPJ/ZDVWKHGRVHWRNLOO
LQGLYLGXDOVRI$95VWUDLQ7KH P. xylostella ODUYDHZHUH
WUHDWHGE\OHDIGLSSLQJPHWKRG7KHVLJQLILFDQFHRIWKH
GLIIHUHQFHVEHWZHHQWKHWZRJURXSVZDVGHWHUPLQHGE\
WKH6WXGHQW¶VWWHVW7KHGLIIHUHQFHZDVFRQVLGHUHG
VLJQLILFDQWDWSVKRZHGE\ *IRUSVKRZHG
E\ **; 16QRWVLJQLILFDQW
Table 3&RPSDULVRQRIIOXRUHVFHQFHSRODUL]DWLRQEHWZHHQ
PLWRFKRQGULDPHPEUDQHIURP$95DQG;+6VWUDLQVRI
Plutella xylostella
Insecticide AV-R* XH-S**
&RQWURO  D  E
$EDPHFWLQ  
,YHUPHFWLQ  
(PDPHFWLQEHQ]RDWH  
9DOXHVIROORZHGE\GLIIHUHQWOHWWHUVRQWKHVDPHURZDUH
VLJQLILFDQWO\GLIIHUHQWS
$OOWHVWVZHUHFDUULHGRXWDW&DQGWKHLQVHFWLFLGH
FRQFHQWUDWLRQZDVéï PRO/

 DYHUPHFWLQVXVFHSWLEOHVWUDLQRIGLDPRQGEDFNPRWK


 DYHUPHFWLQUHVLVWDQWVWUDLQRIGLDPRQGEDFNPRWK
Comparison of membrane fluidity between
XH-S and AV-R strain
&RPSDULVRQ RI PHPEUDQH IOXLGLW\ EHWZHHQ ;+6
DQG $95 VWUDLQV DW GLIIHUHQW WHPSHUDWXUH VKRZHG
WKDW WKH IOXRUHVFHQFH SRODUL]DWLRQ YDOXHV RI '3+
LQ PHPEUDQHV ZHUH ORZHU LQ ;+6 VWUDLQ WKDQ LQ
$95 VWUDLQ DW WKH WHVWHG WHPSHUDWXUHV )LJXUH 
7KHUH ZDV D VLJQLILFDQW GLIIHUHQFH LQ
PLWRFKRQGULDO PHPEUDQH IOXLGLW\ EHWZHHQ ERWK
;+6 DQG $95 ZKHQ WHPSHUDWXUH ZDV OHVV WKDQ
& DQG QR GLIIHUHQFH ZDV REVHUYHG ZKHQ
WHPSHUDWXUH PRUH WKDQ & :KHQ WKH
WHPSHUDWXUH UHDFKHG & WKH GLIIHUHQFHV LQ
SRODUL]DWLRQ YDOXHV RI WKH PLWRFKRQGULDO
PHPEUDQHV EHWZHHQ ;+6 DQG $95 ZHUH QR
ORQJHU VWDWLVWLFDOO\ VLJQLILFDQW 7KH WKHUPRWURSLF
WUDQVLWLRQ RI PLWRFKRQGULDO PHPEUDQH LQ P.
xylostella, ZDV DERXW & %XW DYHUPHFWLQ
HOLPLQDWHG WKH GLIIHUHQFH RI PLWRFKRQGULDO
PHPEUDQH SRODUL]DWLRQ EHWZHHQ ;+6 DQG $95
ZKHQ WKH PLWRFKRQGULDO PHPEUDQHV ZHUH
LQFXEDWHG ZLWK éï PRO/ RI DYHUPHFWLQ
7DEOH
7KH HIIHFWV RI DEDPHFWLQ RQ WKH P. xylostella in
vivo ZHUH DOVR VWXGLHG DIWHU ODUYDH ZHUH IHG RQ
FDEEDJH OHDI WUHDWHG ZLWK DEDPHFWLQ IRU  KRXUV
)LJXUH  VKRZV WKH IOXRUHVFHQFH SRODUL]DWLRQ
ZKHQ '3+ ZDV DGGHG WR PHPEUDQHV IURP ERWK
XQWUHDWHG DQG DEDPHFWLQWUHDWHG P. xylostella
$IWHU ODUYDH IHG RQ FDEEDJH OHDI WUHDWHG ZLWK 
PJ/ DEDPHFWLQ IOXRUHVFHQFH SRODUL]DWLRQ ZDV
KLJKHU ZKHQ '3+ ZDV DGGHG WR PHPEUDQHV IURP
DEDPHFWLQWUHDWHG ;+6 VWUDLQ ZKHQ FRPSDUHG
ZLWK XQWUHDWHG ;+6 VWUDLQ EXW QR VLJQLILFDQW
GLIIHUHQFH ZDV IRXQG EHWZHHQ DEDPHFWLQWUHDWHG
DQG XQWUHDWHG $95 VWUDLQV +RZHYHU ZKHQ WKH
$95 VWUDLQ ZDV IHG RQ FDEEDJH OHDI WUHDWHG ZLWK
 PJ/ DEDPHFWLQ IOXRUHVFHQFH SRODUL]DWLRQ
RI PHPEUDQHV IURP WUHDWHG ODUYDH RI P. xylostella
ZDV PXFK KLJKHU WKDQ XQWUHDWHG P. xylostella
)LJXUH  7KHVH UHVXOWV VKRZHG WKDW DEDPHFWLQ
LQGXFHG PLWRFKRQGULDO PHPEUDQH IOXLGLW\ RI P.
xylostella in vivo
Discussion
7KH HIIHFW RI SHVWLFLGHV RQ ELRPHPEUDQH KDV EHHQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VWXGLHG LQ UDWV KXPDQ FHOOV DQG PLFURRUJDQLVPV
5RVLWD HW DO  IRXQG WKDW WKH S\UHWKURLG
F\SHUPHUWKULQ LQGXFHG D VLJQLILFDQW GHFUHDVH LQ
HU\WKURF\WH PHPEUDQH IOXLGLW\ DQG D VLPLODU
UHVXOW ZDV DOVR IRXQG E\ &LQ]LD HW DO
+RZHYHU HQGRVXOIDQ DQ RUJDQRFKORULQH
LQVHFWLFLGH PD\ LPSURYH PHPEUDQH IOXLGLW\ RI
Bacillus stearothermophilus 0DUWLQV HW DO
 ,Q DFFRUGDQFH ZLWK WKHVH SUHYLRXV VWXGLHV
WKH S\UHWKURLGV GHFUHDVHG WKH IOXLGLW\ RI
PLWRFKRQGULDO PHPEUDQHV RI P. xylostella, ZKLOH
HQGRVXOIDQ LQFUHDVHG IOXLGLW\ LQ RXU VWXGLHV 7KH
HIIHFWV RI DYHUPHFWLQV DQG ILSURQLO RQ PHPEUDQH
IOXLGLW\ KDYH QRW EHHQ IRXQG EHIRUH RXU VWXGLHV
DQG WKHVH SHVWLFLGHV DOVR GHFUHDVHG WKH PHPEUDQH
IOXLGLW\ 7KHVH HIIHFWV RQ PHPEUDQH DUH FHUWDLQO\
UHODWHG WR WKH FKHPLFDO VWUXFWXUH RI WKH SHVWLFLGHV
&RPSDUHG ZLWK S\UHWKURLGV WKH DYHUPHFWLQV DUH
PRUH K\GURSKRELF ZKLFK PD\ UHODWH WR WKH UHVXOW
WKDW DYHUPHFWLQV UHVXOWHG LQ DQ LQFUHDVH LQ
SRODUL]DWLRQYDOXH
0HPEUDQH IOXLGLW\ PD\ YDU\ ZLWK WKH
FRQFHQWUDWLRQ RI SHVWLFLGHV $QWXQHV0DGHLUD HW
DO D 5RVLWD HW DO  7KLV
FRQFHQWUDWLRQGHSHQGHQW HIIHFW UHIOHFWV D GHFUHDVH
LQ WKH PROHFXODU SDFNLQJ SURPRWHG E\ WKH
SHUWXUEDWLRQ RI WKH PHPEUDQH RUGHU LQGXFHG E\
WKH LQVHFWLFLGHV 6XZDOVN\ HW DO  7KHVH
LQVHFWLFLGHV PD\ FDXVH WKH VWUXFWXUDO DOWHUDWLRQ LQ
PLWRFKRQGULDO PHPEUDQHV DQG WKHVH FKDQJHV PD\
UHODWH WR WKH LRQ FXUUHQWV FDXVHG E\ GLIIHUHQW
LQVHFWLFLGHV 7KH UHJLRQ LQYROYHG PD\ EH WKH
ELOD\HU K\GURSKRELF UHJLRQ DQG WR D OHVVHU H[WHQW
WKH PRUH VXSHUILFLDO RU SRODU UHJLRQV DQ
REVHUYDWLRQ LQ DJUHHPHQW ZLWK SUHYLRXV UHSRUWV
%XII DQG %HUQGW  6XZDOVN\ HW DO  7KH
PRVW REYLRXV HIIHFWV SURGXFHG E\ QHDUO\ DOO WKH
SHVWLFLGHV VWXGLHG ZDV D FRQFHQWUDWLRQGHSHQGHQW
HIIHFW ZKLFK UHIOHFWV WKH VLPLODULW\ LQ
PLWRFKRQGULDO PHPEUDQHV EHWZHHQ LQVHFWV DQG
RWKHURUJDQLVPV
5HVLVWDQFH LV D PLFURHYROXWLRQDU\ SURFHVV RI
JHQHWLF DGDSWDWLRQ LQ UHVSRQVH WR LQVHFWLFLGHV
:KDORQ DQG 0F*DXJKH\  WKDW FDQ UHVXOW LQ
WKH IDLOXUH RI D SODQW SURWHFWLRQ 7KH
PLWRFKRQGULDO PHPEUDQH PD\ EH D PDMRU WDUJHW
RI LQVHFWLFLGHV DQG PD\ WKHUHIRUH SOD\ D FULWLFDO
UROH LQ WKH GHYHORSPHQW RI UHVLVWDQFH 7DEDUHDQ HW
DO  IRXQG WKDW WKH GHOWDPHWKULQ DQG
WHWUDPHWKULQ VKDUH D ELQGLQJ VLWH RQ WKH VRGLXP
FKDQQHO DQG WKDW WKH VORZ RQVHW DQG RIIVHW RI
GHOWDPHWKULQ DFWLRQ DUH FRQWUROOHG E\ WKH UDWHV DW
ZKLFK GHOWDPHWKULQ PRYHV DQG XQELQGV IURP WKH
PHPEUDQH OLSLG SKDVH UDWKHU WKDQ E\ WKH UDWH RI
GHOWDPHWKULQ ELQGLQJ WR WKH VRGLXP FKDQQHO VLWH
EDVHG RQ WHWURGRWR[LQVHQVLWLYH DQG
WHWURGRWR[LQUHVLVWDQW VRGLXP FKDQQHOV ZKLFK
VKRZHG WKH LPSRUWDQFH RI PHPEUDQH VWUXFWXUH LQ
GHOWDPHWKULQ UHVLVWDQFH ,Q RXU VWXGLHV
PLWRFKRQGULDO PHPEUDQH IOXLGLW\ ZDV
VLJQLILFDQWO\ ORZHU LQ WKH $95 VWUDLQ WKDQ LQ
;+6 VWUDLQ EXW QR GLIIHUHQFH ZDV IRXQG ZKHQ
WKHVH VWUDLQV ZHUH H[SRVHG WR DYHUPHFWLQV 7KLV
LQGLFDWHV WKDW WKH $95 VWUDLQ VKRZHG D UHVLVWDQFH
WR PHPEUDQH GLVURELQJ E\ DEDPHFWLQ 7KH
PLWRFKRQGULD PHPEUDQH VWUXFWXUH LQ $95 PD\
EH DOWHUHG ZKLFK PD\ UHODWH WR LWV UHVLVWDQFH WR
DYHUPHFWLQ 7KHUH DUH VHYHUDO PHFKDQLVPV WR
H[SODLQ WKH HIIHFWV RI DYHUPHFWLQV RQ PHPEUDQH
IOXLGLW\ )LUVW D GLUHFW DFWLRQ RI WKH DYHUPHFWLQV
RQ WKH OLSLG ELOD\HU FRXOG RFFXU WKDW PRGLILHV
OLSLGOLSLG LQWHUDFWLRQV DQG FDXVHV OHDN\ YHVLFOHV
%XII HW DO  6HFRQG DQ DVVRFLDWLRQ RI WKH
LQVHFWLFLGH ZLWK OLSLGV VXUURXQGLQJ
WUDQVPHPEUDQH GRPDLQV PD\ DIIHFW SURWHLQ
RULHQWDWLRQ DQG WKH SURSHUWLHV RI WKHVH SDUWLFXODU
PHPEUDQH GRPDLQV 7KLUG DQ DFFXPXODWLRQ RI
DYHUPHFWLQV LQ WKH K\GURSKRELF GRPDLQV RI
LQWHJUDO PHPEUDQH SURWHLQV PD\ DOWHUHG SURWHLQ
IROGLQJ DQGRU SURWHLQSURWHLQ LQWHUDFWLRQV
-RQHV HW DO  0LFKHODQJHOL HW DO  7KH
GLIIHUHQWLDO DFWLRQV RI WHVWHG LQVHFWLFLGHV RQ WKH
*$%$ UHFHSWRULRQRSKRUH FRPSOH[ VXSSRUW WKH
QRWLRQ WKDW VHYHUDO PHFKDQLVPV PLJKW EH LQYROYHG
LQ WKH LQWHUDFWLRQ RI GLIIHUHQW LQVHFWLFLGHV ZLWK
PLWRFKRQGULDOPHPEUDQHV
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